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Specification 
Transmitter and Method for Adjusting Transmitter 

<Technical Fleld> 

The present invention relates to a transmitter and more 
particularly to a transmitter including a high frequency power 
amplifier for amplifying a modulation signal having an envelope 
variable component with a low distortion and a high efficiency. 

<Background Art> 

For a power amplifier provided in an output part of the 
transmitter of a radio communication system, the compatibility of a 
low distortion and a high efficiency is required. The power amplifier 
has a classification that a transistor is used as a current source or a 
switch. The amplifier using the transistor as the current source 
includes an class A amplifier, an class AB amplifier, a class B 
amplifier and a class C amplifier. Further, the amplifier using the 
transistor as the switch includes a class D amplifier, an class E 
amplifier and an class F amplifier. 

As the high frequency power amplifier for amplifying a 
modulation signal including an envelope variable component, an A 
class linear amplifier or an class AB linear amplifier has been used to 
linearly amplify the envelope variable component. However, the 
power efficiency of the linear amplifier has been disadvantageously 
lower than that of a class C or an class E non-linear amplifier. 
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Accordingly, when the linear amplifier is used in a portable radio 
device such as a portable telephone, a portable information terminal, 
or the like having a battery as a power source, a using time has been 
inconveniently decreased. Further, in a base station device of a 
mobile telecommunication system in which a plurality of transmitters 
using a large quantity of power is installed, the device is undesirably 
enlarged and the quantity of generated heat is inconveniently 
increased. 

Thus, as a transmitter having a highly efficient transmitting 
function, an EE & R (Envelope Elimination and Restoration) 
transmitter is proposed which includes an amplitude phase extracting 
part, an amplitude modulating part, a phase modulating part and a 
non-linear amplifying part, inputs a signal of a prescribed envelope 
level to the non-linear amplifying part and uses the non-linear 
amplifier having a good efficiency as a high frequency amplifier. 
Further, a transmitter has been also known in which the non-linearity 
of an envelope signal of a non-linear amplifier is compensated by a 
negative feedback to suppress an amplitude distortion. 

Fig. 9 is a block diagram showing the structure of the 
above-described EE & R transmitter as a first existing example. The 
transmitter of the first existing example includes a transmit data input 
terminal 111, an amplitude phase extracting part 112, an amplitude 
modulating part 113, a phase modulating part 114, a non-linear 
amplifying part 115 and a transmit output terminal 116. 

In Fig. 9, assuming that a transmit data signal Si(t) inputted 
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from the transmit data input terminal 111 is expressed by Si(t) = 
a(t)exp[j0(t)] (1), 

amplitude data a(t) and phase data exp[j0(t)] are extracted from the 
Si(t) by the amplitude phase extracting part 112. The source voltage 
value of the non-linear amplifying part 115 is set by the amplitude 
modulating part 113 on the basis of the amplitude data a(t). On the 
other hand, a signal is generated by modulating carrier wave angular 
frequency CO c by the phase data exp[j0(t)]in the phase modulating 
part 114 to be Sc and Sc is inputted to the non-linear amplifying 
part 115. 

Sc = exp[ CO ct + 0(t)] (2) 

A signal is generated by multiplying the source voltage value 
a(t) of the non-linear amplifying part 115 by the output signal of the 
phase modulating part 114. An RF signal Srf obtained by amplifying 
the obtained signal by a gain G of the non-linear amplifying part 115 
is outputted to the output of the non-linear amplifying part 115. 
Srf = Ga(t)Sc = Ga(t)exp[ co ct + 0(t)] (3) 

As described above, since the signal Inputted to the 
non-linear amplifying part 115 is the signal of a prescribed envelope 
level, a non-linear amplifier having a good efficiency as a high 
frequency amplifier can be used. Thus, the transmitter v^ith a high 
efficiency can be realized. 

In the first existing example, the detail of the amplitude 
modulating part 113 is not illustrated. However, the amplitude 
modulating part 113 uses a structure that includes, for instance, a DA 
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(digital-analog) converting part, a pulse width modulating part, a 
switch and a low-pass filter which are connected in order and in 
series to input source voltage to the switch. In the amplitude 
modulating part 113, the amplitude data as a digital value is 
converted to an analog signal in the DA converting part and the pulse 
width of the analog signal is modulated in the pulse width modulating 
part. The switch is switched in accordance with the pulse output of 
the pulse width modulating part. The output of the switch is 
smoothed in the low pass filter to be an amplitude modulating signal 
and is applied as the source voltage of the non-linear amplifying part 
115 (for instance, see Non-Patent Document 1). 

Further, the phase modulating part 114 employs a structure 
using a PLL (Phase-Locked Loop). That is, the PLL, whose detail is 
not illustrated, is provided in which for instance, a phase frequency 
comparing part, a low-pass filter and a voltage control oscillator are 
connected in order and in series and a part of the output of the 
voltage control oscillator is fed back as a feedback signal to the 
phase frequency comparing part through a frequency divider. 
Further, an output of a AI (delta sigma) modulating part is inputted 
to the above-described frequency divider. In the phase modulating 
part 114, the frequency of a signal obtained by dividing the frequency 
of the output of the voltage control oscillator by the frequency divider 
is compared with a reference frequency in the phase frequency 
comparing part to output a difference between both the frequencies. 
The output of the phase frequency comparing part passes through 
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the low-pass filter to become the control voltage of the voltage 
control oscillator and the output of the voltage control oscillator is 
locked by a prescribed phase and frequency. In the 
above-described PLL, the frequency dividing ratio of the frequency 
divider is changed in accordance with a signal obtained by 
performing a delta sigma modulation to phase data so that a phase 
modulation can be applied to the output of the voltage control 
oscillator (For instance, see Non-Patent Document 2). 

Fig. 10 is a block diagram showing the structure of a 
transmitter having a negative feedback as a second existing or usual 
example. The transmitter of the second usual example includes a 
transmit data input terminal 111, an amplitude phase extracting part 
112, an amplitude modulating part 113, a phase modulating part 114, 
a non-linear amplifying part 115, a transmit output terminal 116, a 
directional coupling part 117, an envelope detecting part 118, an AD 
(analog digital) converting part 119, an adding part 120 and an 
amplifying part 121. The same components as those of the 
transmitter shown in Fig. 9 are designated by the same reference 
numerals. 

Now, an operation of the transmitter of the second existing or 
usual example will be described below. The transmitter of the 
second usual example feeds back the envelope component of an RF 
signal as an output of the non-linear amplifying part 115 in addition to 
the same operation as that of the transmitter as the first usual 
example shown in Fig. 9. The output of the non-linear amplifying 
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part 115 is allowed to branch by the directional coupling part 117 and 
inputted to the envelope detecting part 118 to detect the envelope 
signal of the RF signal. The detected envelope signal is subjected 
to an analog digital conversion in the AD converting part 119 and the 
analog digital converted envelope signal is subtracted from the 
original amplitude data in the adding part 120, then amplified in the 
amplifying part 121 and inputted to the amplitude modulating part 113. 
The non-linearity of the envelope signal of the non-linear amplifying 
part 115 is compensated by the above-described feedback so that an 
amplitude distortion can be suppressed (For instance, see 
Non-Patent Document 3). 

(Non-Patent Document 1) Peter B. Kenings.opm, -HlGH-LlNEARlTY 
RF AMPLIFIER DESIGN' first edition, ARTECH HOUSE, INC., 2000, 
p 426-443 

(Non-Paten. Document 2) R. A. Meyers and P.H Waters, 
"Synthesizer review for PAN-European digital cellular radio"poc. lEE 
Colloquium on VLSI Implementations for 2nd Generation Digital 
Cordless and Mobile Telecommunications Systems, 1990, p.8/1-8/8 
(Non-Patent Document 3) Peter B. Kenington, "HlGH-LINEARlTY RF 
AMPLIFIER DESIGN" first edition, ARTECH HOUSE, INC., 2000, p. 
156-161 

However, in the transmitter of the first usual example shown in 
Fig. 9, since an amplitude signal and a phase signal reach the 
non-linear amplifying part 115 through different paths, an output 
signal is undesirably distorted due to the difference of delay time 



between the signal path of an amplitude modulation and the signal 
path of a phase modulation. 

The transmitter of the second usual example shown in Fig. 10 
has a structure for reducing an amplitude distortion by a negative 
feedback loop. To more increase a quantity of decrease of the 
amplitude distortion, a loop gain needs to be increased. Accordingly, 
the stability of the negative feedback loop is disadvantageously 
deteriorated. 

The present invention is devised to solve the above-described 
problems and it is an object of the present invention to provide a 
transmitter in which power efficiency is good and a stable signal 
having little distortion can be outputted. 

<Disclosure of the lnvention> 

A transmitter according to the present invention comprises: an 
amplitude phase extracting unit for extracting amplitude data and 
phase data from inputted transmit data; a delay unit for delaying at 
least one of the amplitude data and the phase data; a phase 
modulating unit for modulating the phase of the phase data; a high 
frequency amplifying unit for using a phase modulating signal from 
the phase modulating unit as an input signal to amplify the power of 
a high frequency signal; and an amplitude modulating unit for 
modulating the amplitude of the amplitude data to output an 
amplitude modulating signal for controlling source voltage applied to 
the high frequency amplifying unit. 
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According to the above-described structure, the delay time of 
an amplitude signal path and a phase signal path can be adjusted by 
the delay unit, so that a distortion generated due to the difference in 
delay time between both the paths is reduced. Accordingly, the 
power can be highly efficiently amplified by the high frequency 
amplifying unit using the phase modulating signal and the amplitude 
modulating signal. The delay time is adiusted so that a stable signal 
having little distortion can be outputted. 

AS another embodiment of the present invention, the 
transmitter further comprises: an envelope detecting unit for 
detecting an envelope component of an output signal of the high 
frequency amplifying unit; and a negative feedback loop for 
negatively feeding back the envelope component to the amplitude 
data extracted by the amplitude phase extracting unit. 

According to the above-described structure, the envelope 
component is negatively fed back by the negative feedback loop to 
compare the envelope component with the amplitude data. Thus, 
the amplitude distortion of an output signal can be suppressed. 
Further, since the delay time of the amplitude signal path and the 
phase signal path can be adjusted by the delay unit, a distortion 
generated due to the difference in delay time between both the paths 
is reduced. In this case, since the loop gain of the negative 
feedback loop can be lowered, stability can be improved. 

Further, as a sill another embodiment of the present invention, 
the transmitter further includes a delay quantity switching and control 



unit for switching and controlling the quantity of delay of the delay 
unit. When the transmit data having different signal bandwidth is 
inputted as transmit data, the delay quantity switching and control 
unit switches the quantity of delay to the quantity of delay 
corresponding to the signal bandwidth. 

According to the above-described structure, the quantity of 
delay is switched in accordance with the change of the signal 
bandwidth of the transmit data. Thus, even when the transmit data 
having the different signal bandwidth is switched, the delay time of 
,he amplitude signal path and the phase signal path can be adjusted 
so that a distortion generated due to the difference in delay time 
between both the paths is reduced. Further, when the negative 
feedback loop is provided, the delay time is adjusted so as to meet 
the signal bandwidth. Thus, the stability of the negative feedback 
loop can be improved. 

Further, as a still another embodiment of the present invention, 
the transmitter further includes: a delay quantity table for storing 
delay quantity data preset in accordance with the state of the 
transmitter; and a delay quantity switching and control unit for 
switching and controlling the quantity of delay of the delay unit on 
the basis of the delay quantity data of the delay quantity table. 

According to the above-described structure, the quantity of 
delay is set in the delay quantity table to read the quantity of delay 
corresponding to the state of the transmitter so that the delay time of 
the amplitude signal path and the phase signal path can be adjusted. 



Thus, under an arbitrary operating state, a distortion generated due 
to the difference in delay time between the amplitude signal path and 
the phase signal path oan be reduced. Further, when the negative 
feedback loop is provided, the stability of the negative feedback loop 

can be improved. 

Further, as a still another embodiment of the present invention, 
the transmitter further includes: a high frequency output measuring 
unit for measuring the characteristics of the output signal of the high 
frequency amplifying unit; and a delay quantity calculating unit for 
calculating a prescribed delay quantity on the basis of the measured 
result of the high frequency output measuring unit to set the quantity 
of delay in the delay unit. 

According to the above-described structure, as the 
characteristics of the output signal of the high frequency amplifying 
unit, for instance, a modulation accuracy or the leakage pov.er of 
adjacent channels or the like is measured. Thus, a quantity of 
distortion Of the output signal can be detected. Accordingly, a 
proper quantity of delay for reducing the distortion of the output 
signal of the transmitter is calculated on the basis of the measured 
result and set to the delay quantity table. Thus, the quantity of 
delay of the delay unit in the transmitter can be properly adjusted. 

A method for adjusting a transmitter according to the present 
invention concerns a method for adjusting a transmitter including a 
delay unit for delaying at least one of amplitude data and phase data 
extracted from inputted transmit data; and a high frequency 
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amplifying unit for using an amplitude modulating signal and a phase 
modulating signal obtained by modulating the amplitude data and the 
phase data to amplify the power of a high frequency signal. The 
method for adiusting a transmitter comprises: a high frequency 
output Signal measuring step for measuring the characteristics of the 
output signal of the high frequency amplifying unit in the transmitter; 
and a delay quantity calculating step for calculating a proper delay 
quantity on the basis of the measured result to set the quantity of 

delay in the delay unit. 

According to the above-described procedure, as the 
Characteristics of the output signal of the high frequency amplifying 
.nit for instance, a modulation accuracy or the leakage power of 
adjacent channels or the like is measured. Thus, a quantity of 
distortion Of the output signal can be defected. Accordingly, a 
proper quantity of delay for reducing the distortion of the output 
Signal of the transmitter is calculated on the basis of the measured 
result and set to the delay quantity table. Thus, the quantity of 
delay of the delay unit in the transmitter can be properly adjusted. 

<Brief Description of the Drawings> 

Fig 1 is a block diagram showing the structure of main parts 
o, a transmitter according to a firs, embodiment of the present 
invention. 

Fig. 2 is a block diagram showing a structural example of an 
amplitude modulating part in this embodiment. 



11 



Fig. 3 is a block diagram showing a structural example of a 
phase modulating part in this embodiment. 

Fig. 4 is a block diagram showing the structure of main parts 
of a transmitter according to a second embodiment of the present 
invention. 

Fig. 5 is a block diagram showing the structure of main parts 
of a transmitter according to a third embodiment of the present 

invention. 

Fig. 6 is a block diagram showing the structure of main parts 
of a transmitter according to a fourth embodiment of the present 
invention. 

Fig. 7 is a diagram showing one example of a delay quantity 
table. 

Fig. 8 is a block diagram showing the structure of main parts of a 
transmitter according to a fifth embodiment of the present invention. 

Fig. 9 is a block diagram showing the structure of an EE & R 
transmitter as a first usual example. 

Fig. 10 is a block diagram showing the structure of a transmitter 
having a negative feedback as a second usual example. 

in the drawings, reference numeral 1 designates a transmit 
data input terminal. 2 designates an amplitude phase extracting part. 
3 and 24 designate amplitude modulating parts. 4 designates a 
phase modulating part. 5 and 25 designate non-linear amplifying 
parts. 6 and 26 designate transmit output terminals. 7 designates a 
directional coupling part. 8 designates an envelope detecting part. 9 
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designates an AD converting part, 10 designates an adding part, 11 
designates an amplifying part, 12 and 13 designate delay parts, 20 
designates a control signal input terminal, 21 designates a delay 
quantity switching and control part, 22 designates an amplitude data 
path switching part, 23 designates a phase data path switching part, 
40 designates a switching signal input terminal, 41 designates a 
delay quantity table, 51 designates an RF signal measuring part, 52 
designates a delay quantity calculating part, 60 designates a DA 
converting part, 61 designates a pulse width modulating part, 62 
designates a switch, 63 designates a source voltage input terminal, 
64 and 71 designate low-pass filters, 70 designates a phase 
frequency comparing part, 72 designates a voltage control oscillating 
part, 73 designates a frequency dividing part and 74 designates a 
AI modulating part. 

<Best Mode for Carrying Out the lnvention> 

NOW. embodiments of the present invention will be described 
by referring to the drawings. 
(First Embodiment) 

Fig. 1 is a block diagram showing the structure of main parts 
of a transmitter according to a first embodiment of the present 
invention. 

The transmitter of the first embodiment comprises a transmit 
data input terminal 1, an amplitude phase extracting part 
(corresponding to an amplitude phase extracting unit) 2. an 



amplitude modulating part (corresponding to an amplitude modulating 
unit) 3, a phase modulating part (corresponding to a phase 
modulating unit) 4. a non-linear amplifying part (corresponding to a 
high frequency amplifying unit) 5. a transmit output terminal 6 and 
delay parts (corresponding to delay units) 12 and 13. The 
transmitter of this embodiment is characterized in that the delay part 
12 is provided in a pre-stage of the amplitude modulating part 3 and 
the delay part 13 is provided in a pre-stage of the phase modulating 
part 4, respectively. 

In a transmit data signal inputted from the transmit data input 
terminal 1. amplitude data and phase data are extracted and 
outputted in the amplitude phase extracting part 2. The amplitude 
data outputted from the amplitude phase extracting part 2 is delayed 
by a prescribed quantity of delay in the delay part 12. Then, an 
amplitude modulating signal obtained by modulating an amplitude in 
the amplitude modulating part 3 is inputted to the non-linear 
amplifying part 5 as a source voltage value. Further, the phase data 
outputted from the amplitude phase extracting part 2 is delayed by a 
prescribed quantity of delay in the delay part 13. Then, a phase 
modulating signal obtained by modulating a phase in the phase, 
modulating part 4 is supplied to the non-linear amplifying part 5 as an 
input signal. 

The non-linear amplifying part 5 has a semiconductor 
amplifying element to form a high frequency amplifier. In the 
non-linear amplifying part 5. the phase modulating signal from the 
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phase modulating part 4 is multiplied by the amplitude modulating 
signal from the amplitude modulating part 3 as the source voltage 
value to output an RF signal with a prescribed gain amplified from 
the transmit output terminal 6. Here, since the input signal to the 
non-linear amplifying par. 5 is a signal of a prescribed envelope level, 
a non-linear amplifier having a good efficiency as the high frequency 
amplifier can be formed. 

Fig. 2 is a block diagram showing a structural example of the 
amplitude modulating part 3 in Fig. 1. The amplitude modulating part 
3 includes a DA (digital-analog) converting part 60, a pulse width 
modulating part 61, a switch 62, a source voltage input terminal 63 
and a low-pass filter 84. In the amplitude modulating part 3, the DA 
converting part 60, the pulse width modulating part 61, the switch 62 
and the low-pass filter 64 are connected in order and in series. To 
the switch 62, source voltage is inputted from the source voltage 

input terminal 63. 

in the amplitude modulating part 3, the amplitude data having 
a digital value is converted to an analog signal in the DA converting 
part 60 and the pulse width of the analog signal is modulated in the 
pulse width modulating part 61. The switch 62 is switched in 
accordance with the pulse output of the pulse width modulating part 
61 . The output of the switch 62 is smoothed in the low-pass filter 64 
to become the amplitude modulating signal and the amplitude 
modulating signal is applied to the non-linear amplifying part 5 as the 
source voltage. 
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Fig. 3 is a block diagram showing a structural example of the 
phase modulating part 4 in Fig. 1. The phase modulating part 4 
includes a phase frequency comparing part 70, a low-pass filter 71, a 
voltage control oscillator (VCO) 72, a frequency dividing part 73 and 
a A I (delta sigma) modulating part 74. The phase modulating part 4 
has a structure using a PLL (Phase-Locked Loop)in which the PLL 
that the phase frequency comparing part 70, the low pass filter 71 
and the voltage control oscillator 72 are connected in order and in 
series and a part of the output of the voltage control oscillator 72 is 
fed back to the phase frequency comparing part 70 as a feedback 
signal through the frequency divider 73 is provided. Further, to the 
frequency divider 73, the output of the AI (delta sigma) modulating 

part 74 is inputted. 

in the phase modulating part 4, the frequency of a signal 
obtained by dividing the frequency of the output of the voltage control 
oscillator 72 by the frequency divider 73 is compared with a 
reference frequency in the phase frequency comparing part 70 to 
output a difference between both the frequencies. The output of 
the phase frequency comparing part 70 becomes the control voltage 
of the voltage control oscillator 72 through the low-pass filter 71 and 
the output of the voltage control oscillator 72 is locked by a 
prescribed phase and frequency In the above-described PLL, the 
frequency dividing ratio of the frequency divider 73 is changed in 
accordance with a signal obtained by performing a delta sigma 
modulation to the phase data in the delta sigma modulating part 74. 
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Thus, a phase modulation can be applied to the output of the voltage 

control oscillator 72. 

In the transmitter constructed as described above, the 
amplitude modulating part 3 has a delay generated in the amplitude 
modulating signal mainly by the low-pass filter 64. On the other 
hand, the phase modulating part 4 has a delay generated in the 
phase modulating signal mainly by the low-pass filter 71. 
Accordingly, a relative discrepancy is generated between an 
amplitude and a phase due to the difference in quantity of delay 
between the amplitude modulating part 3 and the phase modulating 
part 4. 

In the first embodiment, the delay parts 12 and 13 are 
respectively provided in an amplitude signal path and a phase signal 
path. Thus, for instance, when a quantity of delay of the amplitude 
signal path is large, the quantity of delay of the delay part 12 of the 
amplitude signal path is set to zero and the quantity of delay of the 
delay part 13 of the phase signal path is adjusted. Thus, the 
quantity of delay of the amplitude signal path is allowed to 
correspond to the quantity of delay of the phase signal path 
such a way, a distortion due to the delay of the amplitude modulating 
signal can be reduced. 

Further, when a quantity of delay of the phase signal path is 
large, the quantity of delay of the delay part 13 of the phase signal 
path is set to zero and the quantity of delay of the delay part 12 of 
the amplitude signal path is adjusted. Thus, the quantity of delay of 
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the phase signal path is allowed to correspond to the quantity of 
delay of the amplitude signal path. In such a way, a distortion due 
to the delay of the phase modulating signal can be reduced. 

in the above description, the quantity of delay of either of the 
delay parts 12 and 13 is set to zero. However, a rough adjustment 
may be performed by the quantity of delay of one of the phase signal 
path and the amplitude signal path and a fine adjustment may be 
performed by the quantity of delay of the other path. 

AS a specific delay quantity setting method of the delay parts 
12 and 13, for instance, a method for setting a quantity of delay in 
accordance with the characteristics of a circuit upon design or a 
method for adjusting a quantity of delay to a suitable value for each 
of individuals upon production or the like may be employed. 

AS described above, according to the structure of the first 
embodiment, the delay part 12 is provided in a pre-stage of the 
amplitude modulating part 3 and the delay part 13 is provided in a 
pre-stage of the phase modulating part 4, respectively. Thus, the 
delay time of the amplitude signal path and the phase signal path can 
be adjusted and a distortion generated due to the difference in delay 
time between both the paths can be reduced. 

(Second Embodiment) 

Fig. 4 is a block diagram showing the structure of main parts 
of a transmitter according to a second embodiment of the present 

invention. 
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The transmitter of the second embodi>T,ent inoludes a 
directional coupling part 7, an envelope detecting part 
(corresponding to an envelope detecting unit, 8. an AD converting 
part (analog-digita, converting part) 9, an adding part 10 and an 
amplifying part 11 in addition to the structure of the first embodiment 
Shown in Fig. 1. Other structures are the same as those of the f,rst 
embodiment and the same components are designated by the same 
reference numerals and the explanation thereof is omitted. 

,n the second embodiment, an envelope component of an RF 
Signal as the output of a non-linear amplifying part 5 is fed back in 
addition to the operation of the first embodiment. A part of a s.gna, 
component of the output of the non-linear amplifying par. 5 is allowed 
to branch by the directional coupling part 7 and inputted to the 
envelope detecting par. 8 to detect the envelope signal of .he RF 
Signal The detected envelope signal is converted to a digital 
Signal in the AD converting part 9. The digital signal is negatively 
inverted and inputted to .he adding part 10 as a negative component. 
,n the adding par. 10, .he envelope componen. is subtracted from 
original amplitude data, and then, the obtained data is amplified to a 
prescribed level in the amplifying part 11 and inputted to an 
amplitude modulating part 3. 

in the second embodimen., a relative discrepancy is 
generated between an amplitude and a phase due to the difference in 
quantity of delay between the amplitude modulating part 3 and a 
phase modulating part 4 liKe the first embodiment. Thus, delay parts 



12 and 13 are respectively provided in an amplitude signal path and 
a phase signal path. For instance, when a quantity of delay of the 
amplitude signal path is large, the quantity of delay of the delay part 
12 of the amplitude signal path is set to zero and the quantity of 
delay of the delay part 13 of the phase signal path is adjusted. 
Thus, the quantity of delay of the amplitude signal path is allowed to 
correspond to the quantity of delay of the phase signal path. In 
such a way. a distortion due to the delay of an amplitude modulating 
signal can be reduced. Further, when a quantity of delay of the 

phase signal path is large, the quantity of delay of the delay part 13 
of the phase signal path is set to zero and the quantity of delay of 
the delay part 12 of the amplitude signal path is adjusted. Thus, the 
quantity of delay of the phase signal path is allowed to correspond to 
the quantity of delay of the amplitude signal path. In such a way. a 
distortion due to the delay of a phase modulating signal can be 
reduced. 

In the above description, the quantity of delay of either of the 
delay parts 12 and 13 is set to zero. However, a rough adjustment 
may be performed by the quantity of delay of one of the phase signal 
path and the amplitude signal path and a fine adjustment may be 
performed by the quantity of delay of the other path. 

As described above, according to the structure of the second 
embodiment, the delay part 12 is provided in a pre-stage of the 
amplitude modulating part 3 and the delay part 13 is provided in a 
pre-stage of the phase modulating part 4. respectively. Thus, the 
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delay time of the amplitude signal path and the phase signal path can 
be adjusted and a distortion generated due to the difference in delay 
time between both the paths can be reduced. Further, since an 
amplitude distortion can be reduced by adjusting the delay time of 
the amplitude signal path and the phase signal path, the loop gain of 
a negative feedback loop does not need to be increased. Thus, the 
loop gain of the negative feedback loop can be lowered to improve 
stability as a high frequency amplifier. 

(Third Embodiment) 

Fig. 5 is a block diagram showing the structure of main parts 
of a transmitter according to a third embodiment of the present 

invention. 

The transmitter of the third embodiment includes a control 
signal input terminal 20 for inputting delay and signal path switching 
and control signals, a delay quantity switching and control part 
(corresponding to a delay quantity switching and control unit) 21, an 
amplitude data path switching part 22, a phase data path switching 
part 23, a second amplitude modulating part 24, a second non-linear 
amplifying art 25 and a second transmit output terminal 26 in addition 
to the structure of the first embodiment shown in Fig. 1. Other 
structures are the same as those of the first embodiment and the 
same components are designated by the same reference numerals 
and the explanation thereof is omitted. 

in the third embodiment, a quantity of delay can be switched 



in addition to the operation of the first embodiment. The second 
amplitude modulating part 24 and the second non-linear amplifying 
part 25 are components for transmitting different transmit data from 
that of the first amplitude modulating part 3 and the first non-linear 
amplifying part 5 in the first embodiment. The signal bandwidth of 
transmit data is also different from that of the first embodiment. 

Further, the structure of the second amplitude modulating part 
24 is the same as that of the first embodiment shown in Fig.2, 
however, the signal bandwidth of the transmit data is different. Thus, 
the cut-off frequency of the low-pass filter 64 is changed. Further, the 
structure of a phase modulating part 4 is the same as that of the first 
embodiment shown in Fig. 3, however, the cut-off frequency of the 
low-pass filter 71 is changed so as to meet the signal bandwidth of 
transmit data. 

In the third embodiment, the switches of the amplitude data 
path switching part 22 and the phase data path switching part 23 are 
switched so as to meet the bandwidth of the signal of employed 
transmit data by the delay quantity switching and control part 21. 
Thus, an amplitude signal path and a phase signal path are switched 
to use either the first amplitude modulating part 3 and the first 
non-linear amplifying part 5 or the second amplitude modulating part 
24 and the second non-linear amplifying part 25. 

Then, delay parts 12 and 13 are respectively provided in the 
amplitude signal path and the phase signal path. For instance, 
when a quantity of delay of the amplitude signal path is large, the 



puantity of delay of the delay part 12 of the amplitude signal path ,s 
set ,0 zero and the quantity of delay of the delay part 13 of the phase 
signal path is adjusted. Thus, the quantity of delay of the amplitude 
Signal path is allowed to correspond to the quantity o, delay of the 
phase signal path. In such a way, a distortion due to the delay of 
an amplitude modulating signal can be reduced. Further, when a 

delay of the delay part 13 of the phase signal path is set to zero and 
the quantity of delay of the delay part 12 of the amplitude signal path 
is adjusted. Thus, the quantity of delay of the phase signal path ,s 
allowed to correspond to the quantity of delay of the amplitude signal 
path. in such a way, a distortion due to the delay of a phase 
modulating signal can be reduced. 

Accordingly, in the third embodiment, the amplitude signal 
path and the phase signal path are switched by the delay quantity 
switching and control part 21 to adjust the quantity of delay o, each 
path Thus, a delay time can be adjusted in accordance with the 
bandwidth of the signal of the employed transmit data and a 
distortion due to a delay can be reduced. 

ir, the above description, the quantity of delay of either of the 
delay parts 12 and 13 is set to zero. However, a rough adjustment 
„ay be performed by the quantity of delay of one of the phase signal 
path and the amplitude signal path and a fine adjustment may be 
performed by the quantity of delay of the other path. Further, the 
delay quantity switching and control of the third embodiment may be 



applied to the structure of the second embodiment. 

AS described above, according to the structure of the th.rd 
embodiment, the delay part 12 is provided in a pre-stage of the 
amplitude modulating par. 3 and the delay part 13 is provided in a 
pre-stage of the phase modulating part 4, respectively. When the 
transmit data is switched, a quantity of delay is switched 
correspondingly to the switching of the transmit data. Thus, the 
.elay time of the amplitude signal path and the phase signa, path can 
.e adiusted so as to meet the bandwidth of the signa, of the transmit 
data Thus, a distortion generated due to the difference in delay 
,.e between both the paths can be reduced. Further, when the 
delay quantity switching and control of the third embodiment ,s 
applied to the structure of the second embodiment, the delay time ,s 
adjusted to meet the bandwidth of the signal of the transmit data, so 
that the stability of a negative feedback loop can be improved. 
(Fourth Embodiment) 

Fig 6 is a block diagram showing the structure of main parts 
of a transmitter according to a fourth embodiment of the present 
invention. 

The transmitter of the fourth embodiment includes a delay 
..entity switching and control part 21, a switching signal input 
terminal 40 for inputting a delay quantity table data switching signa, 
and a de,ay quantity table 41 in addition to the structure of the hrst 
embodiment shown in Fig.1 . Other structures are the same as those 
Of the firs, embodiment and the same components are designated by 
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,he same reference r^umerals and ,he explanation thereof is omitted. 

,n tt.e fourth embodiment, a quantity of delay is switched by 
delay quantity data previously se, and stored in the delay quantity 
„„e 41 in addition to the operation of the first embodiment, 
corresponding delay quantity data is read and outputted from a 
plurality of delay quantities se. and stored in the delay quantity table 
41 in accordance with the delay quantity table data switching signal 
inputted to the switching signal input terminal 40 A quantity of 
delay in delay parts 12 and 13 is switched by the switching control 
part 21 on the basis of the delay quantity data. 

,n the delay quantity table 41, the delay quantity data 
oorrespondlng to the operating state of the transmitter is stored. 
Thus, an optimum value of the quantity o, delay in the operating state 
of the transmitter can be set. 

Fig 7 shows one example of the delay quantity table 41 The 
delay quantity table 41 includes a data number 81, an operating state 
82 Of the transmitter and delay quantity data 83. In the operating 
state 62 of the transmitter, the operating states of the transmitter are 
stored in the delay quantity data 63, optimum delay quantity data 
corresponding to the operating states of the transmitter is stored. 

For instance, when a quantity of delay of an amplitude signal 
path is large, the quantity of delay of the delay part 12 of the 
amplitude signal path is set to zero and the quantity of delay of the 
delay part 13 of a phase signal path is adjusted. Thus, the quantity 
0, delay of the amplitude signal path is allowed to correspond to the 
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quantity o, delay of the phase signal path. In such a way, a 
distortion due to the delay of an amplitude modulating signal can be 
.educed. Further, when a quantity of delay of the phase signal path ,s 
large the quantity of delay of the delay part 13 of the phase signal 
path is set to zero and the quantity of delay o, the delay part 12 of 
,he amplitude signal path is adjusted. Thus, the quantity of delay of 
.he phase signal path is allowed to correspond to the quantity of 
delay of the amplitude signal path. In such a way, a distortion due 
to the delay of a phase modulating signal can be reduced. 

in the above description, the quantity of delay of either of the 
delay parts 12 and 13 is set to zero. However, a rough adjustment 
„ay be performed by the quantity of delay of one of the phase signal 
path and the amplitude signal path and a fine adjustment may be 
performed by the quantity of delay of the other path. Further, the 
delay quantity switching and control of the fourth embodiment may be 
applied to the structure of the second embodiment or the th,rd 
embodiment. 

AS described above, according to the structure of the fourth 
embodiment, the delay par. 12 is provided in a pre-s.age of an 
amplitude modulating part 3 and the delay part 13 is provided m a 
pre-stage of a phase modulating par, 4, respectively. A quantity of 
delay is properly switched on the basis of the delay quantity data of 
.he delay quantity table 41. Thus, the delay time of the amplitude 
signal path and the phase signal path can be respectively adjusted 
so as to Obtain the quantity of delay corresponding to the state of the 



26 



transmitter. Thus, a distortior, generated due to the difference in 
delay time between both the paths can be reduced. Further, when 
the delay quantity switching and control of the fourth embodiment is 
applied to the structure of the second embodiment, the delay time is 
adjusted to meet the operating state of the transmitter, so that the 
stability of a negative feedback loop can be improved. Further, 
when the delay quantity switching and control of the fourth 
embodiment is applied to the structure of the third embodiment, even 
if transmit data is switched, the delay time can be adjusted to meet 
the bandwidth of the signal of the transmit data. 

(Fifth Embodiment) 

Fig. 8 is a block diagram showing the structure of main parts 
of a transmitter according to a fifth embodiment of the present 
invention. 

In the fifth embodiment, an adjusting device including an RF 
signal measuring part (corresponding to a high frequency output 
measuring unit) 51 and a delay quantity calculating part 
(corresponding to a delay quantity calculating unit) 52 is connected 
to a transmitter 50 having the structure of the fourth embodiment 
shown in Fig. 7. Other structures are the same as those of the 
fourth embodiment and the same components are designated by the 
same reference numerals and the explanation thereof is omitted. 

In the fifth embodiment, a method for adjusting a quantity of 
delay by using the adjusting device having the RF signal measuring 



part 51 and the delay quantity calculating part 52 will be illustrated, 
in Fig. 8, for an output signal of the transmitter 50 outputted from an 
RF signal output terminal 6, for instance, a modulation accuracy or 
the leakage power of adjacent channels or the like is measured by 
the RF signal measuring part 51. Ordinarily, the characteristics 
such as the modulation accuracy or the leakage power of the 
adjacent channels are deteriorated due to the distortion of the output 
signal. Accordingly, a delay time is adjusted so that the difference 
in delay time between an amplitude signal path and a phase signal 
path, which causes the distortion of the output signal, is reduced on 
the basis of the measured results of the characteristics of an RF 
signal. At this time, the delay time of delay parts 12 and 13 is 
calculated by the delay quantity calculating part 52 so that the 
modulation accuracy or the leakage power of the adjacent channels 
has a desired value and stored in a delay quantity table. Then, 
delay quantity data stored in the delay quantity table 41 is read and 
outputted in accordance with the input of a delay quantity table data 

switching signal. 

For instance, when a quantity of delay of the amplitude 
signal path is large, the quantity of delay of the delay part 12 of the 
amplitude signal path is set to zero and the quantity of delay of the 
delay part 13 of the phase signal path is adjusted. Thus, the delay 
quantity data is stored by which the quantity of delay of the amplitude 
signal path is allowed to correspond to the quantity of delay of the 
phase signal path. Further, for instance, when a quantity of delay of 
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.,e delay par. 12 of the a.plltode signal path is adjusted. Thus, the 
data is stored.... the .ua.t.o,de,av.^^^^ 

..,.desi.a,pathisa,io....e^P^^^^^ 

delay of the phase signal path. In such a w y. 
L is set so that a distortion generated due to the ditterence ,n 
.t^een a phase .oduiating signa, and an amplitude 

modulating signal can be reduced. 

..eahove description, the cuantityotdeiayo, either otth 

.e,av parts t2 and 13 , s set to zero: However, a rough adiust.e. 
U performed .y the. uant,tyotde,ay ot one ot the Phase srgna 

L and the a.piitude signa, path and a fine adjustment ^ 
adjusting tunCionot the titthe.hodi.ent .ay he app„ed to 

the structure of the third embodiment. 

described above, according to the structures of 
transmitter and the adjusting device and the deiay quantity adjusting 
.ethod Of the fifth embodiment, a suitable deiay quantity ,n wh.ch t 
„ion Of the output Signa, of the transmitter is reduced can be 

calculated and set to the delay quantity table. 

according to the above-described embodiment, the delay u ,t 

adjusting the delay time Of the amplitude Signal path a. e 

p.3se Signal path is provided to adjust the delay t,me Of o. ^ 



..ansmltter generated due .o .he difference in de.ay .in,e between 
bo.h the patf^s can be reduced. Accordingly, in .he .ransmi..er, a 
high frequency power amplifier good In l.s power efficiency and 
capable of ou.pu..lng a s.able signal having li..le dis.or.ion can be 
realized. 

The presen. inven.ion is described in de.ail by referring to .he 
specific embodiments. However, it is .o be understood by a person 
«ith ordinary skill in the art that various changes or modifications 
„ay be made without departing the spirit and the scope of the 

present invention. 

This appllcauon Is based on Japanese Pa.ent Application No. 
2003-029792 filed in February 6, 2003 and the contents thereof are 
taken in this application as a reference. 
<lndustrlal Applicability> 

AS described above, according to the present invention, the 
,ansmitter having a good power efficiency and capable of ou.pu.ting 
a s.able signal with little distortion can be provided. 
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